A Giemsa method is described for the identification of somatic chromosomes of maize (Zea mays L.). Three inbred stocks and their hybrids were examined. The Giemsa method proved to be useful for the characterisation of different stocks. On the basis of the different staining properties of homologous chromosomes, the parental and grandparental chromosomes were identified in the hybrids.
INTRODUCTION
MAIZE is one of the most important cultivated cereals of the world and it is the best known cytologically studied crop so far. Kuwada (1911) reported the exact chromosome number of maize (2n = 20) and McClintock (1929) described the morphological characteristics of the chromosomes on the basis of their relative lengths, arm ratios and the positions of knobs at the pachytene stage of meiosis. Creighton and McClintock (1931) using the knobs as cytological markers for the identification of individual chromosomes, demonstrated the correlation between cytological and genetic crossing-over. Longley (1939) described 22 different positions of knobs and showed that knob positions are suitable for the discrimination of stocks. He found variable numbers of knobs in different stocks and in some no knobs at all. From different studies Neuffer, Jones and Zuber (1968) gave an account of the distribution of knobs on maize chromosomes.
Identification of the somatic chromosomes of maize is difficult because they are relatively small and the knob structures are invisible by conventional chromosome staining. Lately, the somatic karyotype of maize has been described by Chen (1969) and Filion and Walden (1973) on the basis of relative lengths, arm ratios and presence of satellite.
Giemsa staining is a very useful cytological tool for detection of heterochromatin in plant chromosomes and nuclei. The denaturation-reannealing method which has recently been devised by Vosa and Marchi (1972) produces characteristic banding patterns on somatic metaphase chromosomes of plants. Sartori and Ting (1974) , with a modified Sumner's technique, showed prominent heterochromatic bands on the chromosomes 6, 7 and 9 in haploid maize.
In the present study an attempt was made to characterise the somatic chromosomes in diploid stocks of maize, using a modified method of Vosa and Marchi (Hadlaczky and Koczka, 1974; Hadlaczky and Belea, 1975) .
MATERIALS AND METHODS
The material consisted of seeds of three inbred stocks viz. PEM, GK2, GK4 and two of their hybrids GK2 x GK4 and (GK2 x GK4) x PEM. The PEM stock (Purple Embryo Marker: b p1 ACR5 Cudu pr DwS) which was produced by Dr S. S. Chase has been kindly provided by All-Union Research Institute of Plant Industry, Leningrad; U.S.S.R. GK2 and GK4 (sublines of the American I 53R and Cl 03 stocks, respectively) and the hybrid stocks were produced by the Hungarian Cereal Research Institute, Szeged. In addition, the stocks WF9, B14, GKI5 and A619 were used for comparing the heterochromatic staining of nuclei.
The seeds were germinated on wet filter paper in petri dishes for about 4 days. Actively growing primary root-tips were pretreated with a solution of 05 per cent monobromonaphthalene and 005 per cent coichicine at room temperature for 4 hours and fixed in 1:3 acetic alcohol for 1-12 hours.
The root-tips were softened by a solution of 2 per cent cellulase (Onozuka R-10) and 2 per cent pectinase (Fluka) for 5-8 hours at room temperature and then squashed in 45 per cent acetic acid. The slides were frozen on dry ice or liquid nitrogen and, after removing the coverslips, they were transferred to absolute alcohol and air dried. The preparations were immersed in a saturated solution of barium hydroxide for 30-35 minutes at 60°C. After washing with distilled water they were incubated in 2 x SSC at 60°C for 60 minutes at pH 70. Giemsa stain was freshly prepared from Gurr's stock solution by diluting it 50 x with Sorensen phosphate buffer at pH 68.
Stained slides were washed with distilled water, air dried, immersed in xylene and mounted in Gurr's DPX.
RESULTS
A Giemsa stained metaphase plate of PEM stock is presented in fig. 1 . Five pairs of the chromosome complement show dark and distinct heterochromatic bands and two pairs have small terminal knobs. Using the heterochromatic banding patterns as well as the arm ratios and relative lengths, the chromosomes can be identified as follows:
The chromosomes 1, 6, 7, 8, 9 and 10 show thin centromeric heterochromatic knobs whereas in the chromosomes 2, 3, 4 and 5 no heterochromatic staining was found at the centromeric region.
Chromosome 1. The short arm has a heterochromatic knob at the distal portion.
Chromosome 2. A very intensive heterochromatic region is present near to the telomeric end of the long arm.
Chromosome 3. A small terminal knob exists on the long arm. Chromosomes 4 and 5. These chromosomes appear to have no heterochromatin.
Chromosome 6. The short arm possesses an intensive heterochromatic satellite and a thick heterochromatic band. The long arm has an interstitial band in the distal third. MAIZE CHROMOSOME BANDING .373
Chromosome 7. A deeply stained heterochromatic band is present near to the telomeric end of the long arm.
Chromosome 8. The long arm has a terminal band of more or less the same intensity as that of chromosome 7.
Chromosome 9. A small heterochromatic knob is located on the telomeric end of the short arm. Chromosome 10. No heterochromatic knob or band is present except the centromeric heterochromatin. Figure 2 shows the differential Giemsa staining of homologous chromosomes of the (GK2 x GK4) x PEM hybrid. It is especially conspicuous in the cases of chromosomes 1 and 6; one of the chromosomes of the first homologous pair is distinguishable from the other by the presence of a heterochromatic knob at the distal end of the short arm, while the chromosomes of the sixth homologous pair differ from each other with respect to heterochromatin on the long arm and at the centromere.
The clear-cut differences in the heterochromatic pattern facilitates the characterisation of chromosome complements of different stocks and hybrids. The detection of parental homologous chromosomes of GK2 x GK4 hybrids is very easy because the heterochromatin has been observed in six chromosome pairs of the GK2 stock but only in the sixth and ninth pairs of GK4 stock. The three easily identifiable chromosome pairs (1, 2 and 6) are chosen for comparisons of hybrids with parents ( fig. 3 ). The origin of the knobless chromosomes of the GK2 x GK4 hybrid can be traced back to one of its parents, GK4. The knobless chromosomes of first and sixth pairs in (GK2 x GK4) x PEM hybrid have come from GK4 stock and one of the chromosomes of the second pair from GK2 stock.
Differences in the heterochromatic staining patterns could also be found in interphase nuclei (fig. 4) . The interphase nuclei of hybrids were observed to have an intermediate number of heterochromatic regions to that found in nuclei of parents. The largest differences in heterochromatic staining characteristics were found between the GK4 and WF9 stocks where the number of cells analysed was 32 and 35 respectively. The average value of large heterochromatic knobs in GK4 nuclei was 2O whereas in nuclei of WF9 was l59. In the nucleus of GK4 stock, the two large knobs correspond to the heterochromatic regions of chromosome 6.
The different stainability of the centromeric and extra-centromeric heterochromatin reveals that these two types of heterochromatin are not the same. Similar findings were described by Vosa (1974) and Hadlaczky and Koczka (1974) in rye chromosomes.
From the relation of the localisation of the heterochromatic bands to the distribution of knobs on pachytene chromosomes it appears that the Giemsa procedure is a comparatively simple method to detect knobs on somatic chromosomes of different stocks and hybrids of maize. The heterochromatic banding pattern and its correspondence with the knobs on pachytene chromosomes may be useful in maize cytogenetics such as chromosome mapping, detection of hybrid seeds and tracing out the ancestry of different stocks.
